Normal anatomy and physiology
The liver is the largest single organ and is concerned through its storage, synthetic and excretory functions with nearly all the fundamental processes of the body. The liver contains only two types of cells, the hepatoeyte and the Kupffer cell, but has a complex vascular supply and excretory system. Histological examination of the liver in man reveals a Iobular structure with central veins. The portal vein, hepatic artery and bile duct have an intricate pattern of branching, such that, at each division they are bound together in a fibre sheath to form the portal tract. This ends as a network of sinusoids which connects the terminal branches of the hepatic venous and portal systems together. The total unit is usually described as a lobule or acinus.
The liver's excretory functions occur in two ways, by secretion of bile and directly into the hepatic veins. The biliary cannuliculi begin at the level of the hepatocytes and form the biliary tract which empties into the duodenum. The liver secretes about one litre of bile per day, which is produced continuously, but is only released into the duodenum during digestion. Normally, bile is stored in the gall bladder where it is concentrated to about one-fifth of its volume. Bile is made up of electrolytes, proteins, some carbohydrate, bilirubin, bile salts and lipids (cholesterol, phospholipids, and fatty acids). The cholesterol and fatty acids are held in solution by the detergent action of the bile salts and phospholipids, forming soluble molecular aggregates called micelles. The main function of bile salts is the emulsification of dietary fat, an essential part of fat absorption. In addition, the absorption of fat soluble vitamins, in particular, vitamins A and K, is related to bile salts.
The liver's central role in carbohydrate, protein and fat metabolism is well recognised. Albumin is a major synthetic product and free fatty acids (FFA) generated by the liver provide 80-90 per cent of normal body energy consumption. Drug, cholesterol, and steroid metabolism, both oxidative and reduetive, is carried out within the hepatoeytes. Water soluble metabolites are excreted into the plasma and bile. The liver is also a major storage site for such substances as vitamin B12, iron, copper, and glycogen.
Liver blood flow 1,2
The splanchnie organs are the gastrointestinal tract, spleen, pancreas, gallbladder, omentum and liver. The blood flowing through these organs is called the splanchnic blood flow (SBF). All the splanchnic organs have an arterial blood supply; their venous drainage, with the exception of the liver, passes into 209 the portal vein. Blood supply to the liver is in two parts: 70 per cent ti-om the portal vein and 30 per cent from the hepatic artery, totalling some 25 per cent of resting cardiac output. However, the hepatic artery provides half of the liver's oxygen supply and thus, at rest, the organ is equally dependent on the portal vein and hepatic artery. Oxygen consumption is about I ml per gram of liver tissue per minute. Blood drains from the liver via the hepatic veins directly into the inferior vena cava which passes through the posterior aspect of the liver substance.
Since all the blood flow of the splanchnic organs (SBF) may be accounted for by the flow in the portal vein and hepatic artery, measurement of hepatic blood flow (HBF) is more usual than measurement of SBF; indeed, HBF and SBF are considered as interchangeable terms. In addition, liver blood flow (LBF) is commonly quoted as an akernative to HBF and again, these terms are considered interchangeable.
In man, non-invasive direct measurement of hepatic blood flow cannot be carried out. Therefore, estimated hepatic blood flow (EHBF) is calculated using the Fick principle. Indicators used include bromsulphthalein (BSP) and indocyanine green (ICG). 3 Both BSP and ICG rely on good hepatocyte function for their uptake from the plasma and may not be satisfactory for measurement of EHBF in the presence of liver disease. In these circumstances, Kupffer cell function may still be normal and these cells will take up colloidal particles. If these are labelled with a radioactive marker such as Iodine m, HBF may still be estimated. More recently, techniques using labelled compounds (e.g., Xenon, Technetium or Krypton) have been adopted. However, these methods are invasive as the indicator is normally injected into the splanchnic blood system, although the measurement is made externally with a gamma camera over the liver.
Liver blood flow is affected by a number of factors during anaesthesia and surgery. These include: intermittent positive pressure ventilation, blood gas changes (in particular, pCO2), sympa thetic nervous system activity, splanchnic reflexes, changes in cardiac output, gastrointestinal and hepatic disease, direct effects of anaesthetic and other drugs used during anaesthesia, and surgical trauma, a This latter may be the most important factor, particularly during abdominal surgery. In general, all anaesthetic agents and techniques, including spinal and epidural, lead to a fall in liver blood flow. The mechanism varies and includes: fall in cardiac output due to myocardial depression, increased splanehnic vascular resistance due to catecholamine stimulation and, in the case of spinal and epidural anaesthesia, a decrease in mean arterial blood pressure.
In patients with normal liver function, the fall in liver blood flow, as a result of anaesthesia and surgery, has, until recently, been assumed to have no detrimental effects. By contrast, in patients with pre-existing liver disease, it seems sensible to try to limit major decreases in liver blood flow. To this end, maintenance of a normal arterial pCO~ and avoidance of myocardial depression and hypotension seem obvious. In addition, recent experimental work on reductive metabolism of volatile anaesthetics such as halothane poses the question that even minor falls in liver blood flow may cause relative hypoxia of some liver cells and set the stage for postoperative liver damage (see below). It should be emphasized that, at present, these are theoretical considerations and have yet to be proven.
Pathophysiology

Biochemical derangements in liver disease
In liver disease, certain physiological functions may be particularly disturbed. Glucose homeostasis may be severely deranged, s manifesting as hypoglycaemia, as a result of fasting or alcohol ingestion. Uypoglycaemia may occur in both the pre-and peroperative periods. Lactic acidosis, of two types (A and B), may be distinguished. Type A occurs when there is poor tissue perfusion, for example, following cardiac arrest or in patients with septic or endotoxic shock. Type B is not associated initially with evidence of poor tissue peffusion and occurs in patients with such diseases as diabetes, hepatic and renal dysfunction, septicaemia (without obvious shock) and leukaemia. ~ In addition, the oral hypoglycaemic agent phenformin may precipitate type B acidosis in diabetic patients, particularly those who have concomitant cardiovascular and renal disease. Fructose, sorbitol and diethyl alcohol, if infused or ingested rapidly, may also give rise to type B lactic acidosis. Although the type B syndrome is relatively rare, its mortality is high (50-70 per cent).
Further disturbances in liver disease include Steatorrhoea and deficiency of fat soluble vitamins may occur. Of these, vitamin K is the most important clinically and is associated with reduced prothrombin activity. Accumulation of fat, leading to "fatty liver," may complicate diabetes, pregnancy, malnutrition and Cushing's syndrome. Drugs and chemicals such as corticosteroids, alcohol and carbon tetrachlofide may also produce fat deposition in the liver. Reye's syndrome, a condition which occurs mainly in children, is also associated with massive fat deposition in the liver and other viscera.
Viral hepatitis
Viral hepatitis is most commonly caused by virus A or virus B. Other viruses which may cause hepatitis include: non-A,non-B (NANB); eytomegalo-virus (CMV); Herpes simplex; and the Epstein-Barr virus (EB) of infectious mononucleosis. Of these, A, CMV, Herpes simplex and EB virus cause an acute hepatitis which may range from mild infection to fulminant hepatic failure, but chronic Iiver disease is not a sequelae in patients who survive the infection and they are normally only infectious to others during the acute stage of their illness. In contrast, virus B and NANB, as well as causing acute hepatitis, may also lead to chronic liver disease, carcinoma of the liver (hepatoma) and a chronic carrier state. Transfusion hepatitis was most commonly due to hepatitis B or CMV but, since the advent of serological testing, NANB is now the primary cause of this disease. 7 The diagnosis of viral hepatitis from any cause is made on the clinical history and serological testing (Table I) .
Patients with viral hepatitis pose two problems for the anaesthetist. Firstly, if there is any question that the patient may have acute viral hepatitis, all currently available evidence suggests that such patients should not, except in a dire emergency, undergo anaesthesia and surgery. It seems that there is often severe deterioration in liver function postoperatively, leading to fulminant hepatic failure. ~ Secondly and more commonly, patients who may be at risk for being carriers of either hepatitis B or NANB or those who have entered a chronic stage of their viral infection (Table 11) , may require an with a low titre of anti-HBs is highly effective in preventing the development of hepatitis A if given sufficiently early in the incubation period. Normal immunoglobulin is not effective in the prevention of hepatitis B. Hepatitis B infection is a hazard for health-care workers and it is well recognised that there is an increased rate of infection in such specialties as: surgery, pathology, paediatrics, internal medicine, anaesthesia, obstetrics and gynaecology, and family practice. The advent of a hepatitis B vaccine (Heptavax-B(R); Merck, Sharp & Dohme) will hopefully reduce this hazard. At present, the vaccine is about 90 per cent effective and has undergone clinical trials in high risk groups.
anaesthetic. In these patients, the anaesthetist should assess liver function, as described below, and should be aware of the precautions necessary to avoid infecting operating room personnel. These include: assuming that all patients possibly at risk are antigen positive until proven otherwise, wearing protective clothing (gloves, gown, mask, glasses), keeping needle sticks to a minimum, and using disposable anaesthetic equipment. Although virus B is able to survive for days on surfaces such as tabletops, it is sensitive to heat (60 ~ C x 12 hours), ethylene oxide, bleach solutions and glutaraldehyde.
If contamination occurs from an antigen-positive patient, either by needle stick, abrasion (e.g., on the patient's teeth), or by material splashed into the eye or mouth, consideration must be given to the administration of immunoglobulin with a high content of antibody to hepatitis B surface antigen (anti-HBs) as soon as possible 9 and preferably within seven days after exposure, in an initial dose of 5 ml (500 mg total immunoglobulin) i.m., and repeated one month later. In addition, liver function tests and screening for HBs Ag and antibody should be carried out. If individuals are already antigen positive (unlikely) or have antibodies, then they are not at risk of further infection and the second injection should not be given. However, administration of anti-HBs should not be delayed pending such testing. It should be noted that anti.HBs is not 100 per cent effective and may merely delay the onset of hepatitis. In addition, although anti-HBs is a human antiserum, it may be responsible for allergic reactions. On the other hand, normal immunoglobulin Preoperative assessment Preoperative assessment to identify the patient with liver disease is important but often neglected. lO Such assessment may be divided into three stages: examination of the patient, liver function tests, and quantification of hepatic reserve.
The patient should be questioned specifically as to current drug therapy, alcohol and drug abuse, previous jaundice or hepatitis, blood transfusions and previous anaesthetics (local, regional and general). In certain patients, consideration should also be given to enquiry about country of origin and sexual habits, because of the risk of viral B hepatitis.
Physical examination of the patient with liver disease involves assessment of all the body systems. However, from the anaesthetist's point of view, the important factors are: (1) is the patient well or unwell? and (2) what surgical procedure is contemplated? The liver's capacity to withstand insult is large and there must be considerable derangement of function before this is evident on clinical examination (Table HI) .
However, the patient may feel unwell long before their hepatic dysfunction can be quantified in adverse changes in liver function tests (Table IV) . Similarly, because the tests are relatively nonspecific, abnormal values (particularly on one screening) may have little significance if the patient feels well. Although these observations are unscientific, clinical experience suggests that they are of value. This is particularly so when combined with the knowledge of the proposed operation, since there seems to be a relationship between the extent of the surgical procedure and patient out- Table V . The third stage of assessment of the patient with liver disease involves determination of hepatic reserve. Child tl described a classification system including two laboratery tests and three clinical observations (Table VI) . It should be noted that this classification refers specifically to portacaval anastamosis, i.e., major surgery, and therefore may not be entirely relevant for more minor procedures. In addition, assessment of ascites, neurological disorder, and nutrition is somewhat imprecise. More recently, Pugh ]2 has modified Child's scoring system to include only one clinical observation (Table VII) . In general, patients with chronic liver disease, who are classified as Child Grade A or equivalent, are described as having compensated liver disease and do not constitute a major anaesthetic risk, whatever the surgical procedure contemplated. By contrast, if patients are graded B or C (decompensated liver disease), they will always be a major anaesthetic risk, but the outcome will be determined in addition by the extent of the surgical procedure. This is in contradistinction to using the ASA Physical Status classification which does not take into account the weight of the patient (i.e., nutrition',d status) or surgic',d procedure and was not intended to be used prospectively. 13 currently used anaesthetic agents and techniques have any definite advantage or recognisable detrimental effect in patients with normal liver function preoperatively. However, there are certain steps which should be taken by the anaesthetist when dealing with specific types of liver disease.
Anaesthetic considerations With the exception of halothane (as will be discussed), there is no clear evidence that any of the
Chronic liver disease
Most commonly, patients with chronic liver disease wi21 present for surgery unrelated to their liver dysfunction. Cirrhosis is the pathological finding in this condition and is most commonly related to alcohol abuse, immunological disease, or viral hepatitis. The hepatic reserve of such patients should be assessed as already described. A consequence of cirrhosis is obstruction to liver blood flow leading to portal hypertension. The resultant back pressure opens up anastomoses between the portal and systemic circulations; normally these do not cause problems, but when oesophageal varices occur, acute life-threatening haemorrhage may result. This is often a dramatic medical presentation, engendering much surgical enthusiasm, but it should be realised that variceal haemorrhage is often a terminal event since liver damage may be so extensive as to be incompatible with life, even if the variceal haemorrhage can be controlled. Nevertheless, numerous surgical procedures have been evolved to reduce portal hypertension (e.g., porta-caval shunt) or ob]iterate oesophageal varices by direct attack, t4 It should be realised that porta-~ystemic shunting is a major surgical endeavour with a not inconsiderable mortality. Furthermore, it has yet to be shown that this type of procedure significantly prolongs the patient's life, although immediate control of variceal haemorrhage may be achieved, by accepting a high initial mortality. More conventional control of variceal haemorrhage may be effected by the Sengstaken-Blakemore tube or by injection of oesophageal varices which will control haemorrhage in the majority of patients. Recently, results of trials of oesophageal injection suggest that patients' lives can be prolonged as compared with a control group. However, the medical literature is strewn with optimistic forecasts of various forms of treatment of oesophageal haemorrhage in the cirrhotie patient and the reader is urged to be cautious in uncritical acceptance. Many of the procedures outlined above involve general anaesthesia and often a laparotomy. But it should be clear that unless the patients are Child Grade A, they are severe anaesthetic and surgical risks. Table VIII outlines anaesthetic techniques which are suitable for surgical procedures related to liver disease. In addition, there are many diagnostic procedures which may require the presence of an anaesthetist. These include: gastroscopy, liver biopsy (either percutaneously or at the time of laparoscopy), liver scan, angiography, percutaneous transhepatic cholangiography, endoscopic radiologieal retrograde cholangiopancreatography, and laparoscopy. These procedures usually do not require general anaesthesia and are commonly carried out using sedation with intravenous diazepam. However, this may not be satisfactory for children and a general anaesthetic may be required. Such patients should be assessed as if they were having a major procedure, in order to avoid problems. Diazepam is a highly protein-bound drug and, if used in moderate doses, does not normally cause unexpected cardiorespiratory depression or unconsciousness in patients with compensated liver disease. However, diazepam has many of the properties of a general anaesthetic agent and therefore, on occasion, patients may require resucitative measures after what appears to have been a reasonable dose. Thus, facilities for cardiorespiratory support should be available in diagnostic areas when patients with liver disease are being investigated.
Injection sclerotherapy is currently in vogue again in the management of oesophageal varices.~4 Selerotherapy is carded out using either a fibreoptic or rigid gastroseope, with the patient sedated with intravenous diazeparn. General anaesthesia may be required, however, in eentres where rigid gastroscopy is the preferred method.
At the time of surgery and general anaesthesia, the anaesthetist should pay particular attention to (1) avoiding premedicant drugs in patients in Child Grades B and C; (2) titrating the intravenous induction agent as there is great variation in the dose required as a result of changes in drug distribution; (3) maintaining a normal arterial pCO2 to minimise changes in liver blood flow; (4) limiting the dose of intravenous narcotics, in proportion to the degree of liver disease present; (5) monitoring neuromuscular blockade to minimise the dose of relaxants used; and (6) minimising the dose of volatile agents so as not to adversely affect liver blood flow -halothane may be safely used in such patients provided there is no history of a recent previous halothane anaesthetic or any history of an adverse reaction after halothane anaesthesia, however previous or distant.
Biliary obstruction
Jaundice is a clinical finding charaeterised by yellow pigmentation, first seen in the sclerae, and then in the mucous membranes (palate), skin and other tissues when serum bilirubin exceeds 20 i~moles litre -~ . The causes of jaundice according to mechanism are: increased bile pigment production, defective uptake and transport within the hepatocyte, defective conjugation, or defective excretion. In practice, there may be diffieulty in attributing jaundice specifically to one of these mechanisms since any of them may be involved.
A prolonged prothrombin time is commonly found in the patient with biliary obstruction and is due to inability to absorb vitamin K from the gut as bile salts are absent. Several other clotting factors also require the presence of vitamin K and therefore complex blood coagulation problems may occur. If there is hepatocellular disease, defective synthesis may also lead to a lack of clotting factors and is associated with a low serum albumin concentration. All jaundiced patients should receive parenteral vitamin K preoperatively, and if prothmmbin activity does not return to normal, fresh frozen plasma should be available at the time of diagnostic or surgical procedures to reduce the risk of haemorrhage, is
In patients where the bilirubin is in excess of 140 p.moles litre -I, there is an increased risk of pestoperative renal failure and sepsis; this is most likely due to portal and systemic endotoxaemia and renal in~avascular coagulation. It has been shown that adequate preoperative rehydration, antibiotic therapy and the maintenance of a diuresis pre-, per-and postoperatively will reduce the incidence of such renal failure. 16 The severely jaundiced patient coming for surgery has biliary obstruction. Most of these patients do not have primary liver cell damage and preopera-tive testing should have established hepatic reserve (including HBs Ag status) and the site of obstruction (by ultrasound and/or endoscopic retrograde chol,'tngiopancreatography), most often due either to stones or cancer. Laparotomy for "undiagnosed jaundice" is to be discouraged as the patient either has an inoperable lesion, or of more immediate concern, viral hepatitis which may lead to severe deterioration of liver function postoperatively, s Table VIII summarises the anaesthetic approach to these patients. Particular attention should be paid to: (1) checking the prothrombin time; (2) ensuring that the patient is adequately hydrated preoperatively; (3) inducing a diuresis (of at least 50 ml/hour) pro-, per-and postoperatively, by fluid loading and the use of either mannitol or furosemide (with CVP monitoring if necessary), if the bilirubin is greater than 140 ~.moles litre-1; (4) monitoring the urine output by indwelling catheter during anaesthesia of all jaundiced patients; (5) realising that there is no contraindication to the use of halothane in these patients provided that the cause of their jaundice is known and does not relate to a previous halothane anaesthetic.
Liver trauma and tumours
Liver trauma occurs most commonly as a result of either motor vehicle accidents or knife or gunshot wounds. Tumours of the liver may be either prim,'try (hepatoma) or may result from secondary spread from cancer elsewhere in the body. Surgical procedures in the management of such patients range from simple suture of liver lacerations to partial hepatectomy and even liver transplantation.
Any of these surgical procedures is fraught with hazard for the patient and should be considered as high risk. Problems include major haemorrhage, air embolus due to opening the inferior vena cava, acid base problems, difficulties in controlling the patient's temperature as a result of blood loss and the need for massive blood transfusion, and major changes in haemodynamics as a result of interference 'with venous return to the heart. The anaesthetic aspects of these difficult cases are well reviewed in the recommendations for further reading.
Postoperative liver dysfunction
Following anaesthesia and surgery, liver dysfunction is usually first manifested by the appearance of jaundice. A rise in bilirubin alone is fairly common after major surgery. The usual causes are: (1) blood transfusion, (2) tissue injury, and (3) infection. In addition, pre-existing liver disease may deteriorate as a result of these factors, Elevated serum enzymes (transaminases) also occur commonly after major surgery and are probably due to the tissue damage involved in the surgical procedure. Recently, attention has been drawn to the role of hypoxia in postoperative liver dysfunction. ~7 It has been suggested that many of these minor changes may be due to hepatic hypoxia occurring either during anaesthesia or in the immediate postoperative period. However, the majority of these patients feel well and will recover without any permanent effects on their liver.
Very rarely, straightforward anaesthesia and surgery (not accompanied by any obvious hypoxia, hypotension, or acid-base disturbance) is followed by the development of severe liver dysfunction, manifest as both a rise in bilirubin and adverse changes in other liver function tests such as enzymes and prothrombin time. is Most importantly, the patient feels and looks unwell. These patients have postoperative hepatitis, a severe complication, which occasionally may lead to death as a result of fulminant hepatic failure. In these patients it is often impossible to establish the cause of their liver failure and suspicion falls on the anaesthetic drugs used. Many of such patients have received halothane and furthermore, the majority have had two halothane anaesthetics relatively close together. It should be made clear that, before diagnosing the condition as halothane associated hepatitis, all other causes of hepatitis, such as viral hepatitis, infection, known hepatoxic drugs, preexisting liver disease, and liver injury during surgery should be excluded. It should also be remembered that liver dysfunction has been associated with all types of anaesthesia, including local and regional anaesthesia.
The mechanism whereby halothane may cause liver damage in man is not clear. In rats, it is possible to produce liver damage under some circumstances with halothane when the inspired oxygen is grossly reduced and the metabolizing capacity of the liver is increased (enzyme induction). 19 However, the fact that this can be done in experimental animals does not necessarily mean that the same mechanism applies in man. In the rat it is likely that a metabolic product of reductive metabolism of halothane is responsible for the damage and it has been suggested that man also produces such metabolic breakdown products of halothane which then damage the liver. 2~ An alternative explanation, since most patients with halothane associated hepatitis have had more than one exposure to the agent, is that an immune response is involved, which may or may not be combined with metabolism of halothane. ~' '22 The anaesthetist should be aware of several points, with regard to the use of halothane and prevention of the occurrence of halothane associated hepatitis. Firstly, halothane should not be administered to a patient who has received the drug in the recent past; most authorities -on emotional rather than scientific grounds -feel that an interval of several months is probably satisfactory; but, there is probably no ethical means of accurately determining this interval. Secondly, halothane should never be administered to a patient who, after a previous halothane anaesthetic, has had any evidence of liver dysfunction which could not be explained. The incidence of halothane-associated hepatitis is usually stated to be of the order of 1 in 10,000 anaesthetics or, put another way, the average anaesthetist is only likely to encounter such a case once in a working life-time. It is of interest that the figure of 1 in 10,000 is also quoted in a recent study of mortality in anaesthesia for the risk of death totally as a result of anaesthesia (excluding hepatic failure) 23 and furthermore, a similar figure is quoted for the incidence of serious neurological sequelae after epidural anaesthetics. ~4
Hnlothane associated hepatitis appears to occur more commonly in obese, middle-aged women; but in contrast to experimental animals, there appears to be no relationship to the length of the anaesthetic, enzyme induction, hypoxia, or nutritional state in humans. ~a Halothane-associated hepatitis is a very rare event in children 2s and probably they can be safely given halothane repeatedly without too much fear of the development of postoperative hepatitis. Enflurane, like all other anaesthetics, has been associated on rare occasions with liver damage. However, it is not felt that an entity of "enflurane hepatitis" exists and many people use enflurane as the second agent when trying to avoid repeated halothane anaesthesia. Isoflurane has not been sufficiently used to date to be certain that it does not cause hepatitis, but on theoretical grounds, it should be safe as it undergoes very little metabolism in man and its cardiovascular effects are minimal when low concentrations are used.
Any patient who develops postoperative liver dysfunction which cannot be explained and which might have been related to the anaesthetic, whatever the agents used, should be told and every effort should be made to not give these drugs subsequently if another anaesthestic is required. If the cause can be established, as not due to the anaesthetic, this should be clearly stated in the patient record so as to avoid confusion in the future.
